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Obijective

The objective of this exercise is to provide general instructions on how to work
with radar data from the Sentinel-1 satellite using the Sentinel-1 Toolbox.
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Sensor Name

Agency

Instrument

Incidence Angle

Polarization

Sensor Height at
Equator

Orbit

Revisit time (Orbit
Repeat cycle)

Resolution
Swath Width
Mean local time
Launch

Planned Lifetime
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RADARSAT-2

‘ Characteristics of Radar Images from Different Satellites

RISAT-1

Canadian Space Program (CSP)

C-band SAR
(5.4 GHz)

Side-looking, 15-45° off-nadir
HH, HV, VV and VH
798 km

Sun Synchronous
(dusk/dawn)

24 days

100 m

500 km (ScanSAR mode)
6:00 AM Descending
Dec 14th, 2007

7 years minimum

European Space Agency
(ESA)

C-band SAR
(5.4 GHz)

Side-looking, 15-45° off-nadir
(VV and VH) or (HH and HV)
693 km

Sun Synchronous
(dusk/dawn)

12days

5mX20m

250 km (IWS mode)
6:00 AM Descending
April 319, 2014

7 years

Indian Space Research
Organization (ISRO)

C-band SAR
(5.35 GHz)

36.85 deg.

HH an HV
542 km

Sun Synchronous
(dusk/dawn)

25 days

~25 meters
115 km (MRS)
6:00 AM

April 26th, 2012
5 years
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Sentinel-1 Coverage

- Sentinel-1 E3 X,

— Two satellites: A& B v Tt Wl

— Each satellite has global
coverage every 12 days
— Global coverage of 6 days

over the equator when
using data from both

satellites
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Sentinel-1: Modes of Aquisition

1. Extra Wide Swath — for monitoring
oceans and coasts

2. Strip Mode — by special order only
and intended for special needs

3. Wave Mode — routine collection for
the ocean

4. Interferometric Wide Swath —
routine collection for land

National Aeronautics and Space Administration

Flight Direction

Sub-Satellite Track

Orbit Height
~700 km

Mode

Wave Mode

Interferometric Wide Swath
Mode
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How to Access Sentinel-1 Images

« Alaska SAR Facility
— http://www.asf.alaska.edu/sentinel/

» European Space Agency Portal
— http://sentinel.esa.int/web/sentinel-data-access/access-to-sentinel-data/
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Sentinel-1 Toolbox

« An open source software developed by ESA for processing and analyzing
radar images from different satellites

* Includes the following tools

— Calibration

— Speckle noise

— Terrain correction

— Mosaic production

— Polarimetry

— Interferometry

— Classification
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Example: Preprocessing and Analysis




‘ Data Preparation

S1A_IW_GRDH_1SDV_20150428T093856_20150428T093921_005682_0074A1_D968 - [/L f

1A_IW_GRDH_1SDV_20150428T093856_201...

(13 . ” 111 ”
1. Under “File” and “Open Product 5 I PRIy Cone
Product Explorer [1] Abstracted_Metadata
- . . - & [1] SIA_W_GRDH_15DV_20150428T093856_2015 Name Value Type Unit Description %
open the Sentinel-1 image (in .zip
[} [i WAbstracted_Metadata SRGR_Coefficients =
Q original Product Metadata Doppler_Centroid_Coefficients E
» 2 Vector Data |
f » (3 Tie-Point Grids Band_W_VH :
O rl I I a » @ Quicklooks Band_IW_WV
» 2 Bands PRODUCT S1A_IW_GRDH_15DV_20150428T093 ascii Product name =
PRODUCT_TYPE GRD ascii Product type ?
Py ’ . SPH_DESCRIPTOR Sentinel-1 W Level-1 GRD Product  ascii Description z
MISSION SENTINEL-1A ascii Satellite mission H
2. The “Product Explorer” window on e r— i
antenna_pointing right ascii Right or left facing
" L] L] BEAMS - ascii Beams used
the left contains information f
Navigat... | Colour Uncert Quicklo.. PROC_TIME.1 5596 uint32 utc Processed time
PROC_TIME.2 45028 uint32 utc Processed time
- . . PROC_TIME.3 179776 uint32 ute Processed time
relevant to the image It includes
- - orbit_cycle 47 int32 Cycle
o REL_ORBIT 10 int32 Track
M - - / o ABS_ORBIT 5682 int32 Orbit
— Metadata: different parameters 1 T
- STATE_VECTOR_TIME.2 34734 uint32 utc Time of orbit state vector
o STATE_VECTOR_TIME.3 591000 uint32 utc Time of orbit state vector
VECTOR_SOURCE - ascii State vector source
related to the orbit and data
100 Km incidence_far 46.068 float64 deg
. . . . . slice_num 4 in32 Slice number
. Off Globe data_take_id 29857 int32 Data take identifier
— Tie Point Grids: interpolation of lat/ R

lon, incidence angle, etc.
— Bands: the bands within the file
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Data Preparation

There are two bands for each
polarization

— intensity and phase

The intensity image is
amplitude squared

In the lower left you can see in

WorldView the coverage of the
Image selected

The image is inverted because
it is oriented in the same way it
is acquired

National Aeronautics and Space Administration

Off Globe
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Data Preparation
Pixel Information

In the upper left window select “Pixel Info” to see the value and the lat/lon of
each pixel in the image opened

® ® ® S1A_IW_GRDH_1SDV_20150428T093856_20150428T093921_005682_0074A1_D968 - [/L iments_folder/brazil/S1A_IW_GRDH_1SDV_20150428T093856_201...
G
ag o tile <2 Fla A~ vR9en 2 . DMEED Q- search 36+ @

Product Explorer | Pixel Info =
[=I Position c
Image-X 10664 pixel 3
Image-Y 9192 pixel =z
Longitude 59°27'24" Wdegree g
Latitude 3°29'27" S degree &

Time -
=l Bands.
Amplitude_VV 220 amplitude
Intensity_VV 48400.00000 intensity

e-Point Grids
Flags

sabeuepisen

Snap to selected pin

Navigation ... | Colour .. ) |Uncertainty... | World View | Quicklooks | (-1
Editor: O Basic ~ Sliders  Table 2
£

Colour ramp: EX

unnamed B "
Display range
Min: Max:
6.652343 422.0996

Range from File Range from Data

# More Options @

X 10664 Y 9192|Lat 3°29'27"S Lon 59°27'24" W Zoom 1:31.6 Level 4
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Data Preparation

RGB Image

In the upper left window select the filename of the Sentinel-1 dataset. Afterwards
select “Open RGB Image Window”

® ® ® S1A_IW_GRDH_1SDV_20150428T093856_20150428T093921_005682_0074A1_D968 - [/L k _folder/brazil/S1A_IW_GRDH_1SDV_20150428T093856_201...
S : soa ‘ Gop N .
= & %@%W%z;{% EEAA ANy B9 eRs IDBEBHO Q- search (+) @
— —
Product Explorer 3 | Pixel Info = | .. W (1) intensity_w ¢ | [ [1] Dual Pol Ratio Intensity W+VH RGB <+ | ] [1] Dual Pol Ratio Intensity W-+VH RGB (2) = (S LE N ] -
ENI1]51A W_gae 3 50428T093921_0056: =
> Metadaz  Band Maths... £
» £2 Vectorp Add Elevation Band :
» (3 Tie-Poin  Add Land Cover Band g
» @ Quickloo 3
v & Bands + Group Nodes by Type
B Ampl  Open RGB Image Window
@ intent  open HSV Image Window =
B Ampl =
[l inten:  Close Product §
& [21S1A W Close All Products 50428T093921_0056 5
» O Metadat:  Close Other Products &
» @ Vector D &
» (3 Tie-Poin  Save Product
» (@3 Bands Save Product As...

Navigation ... | C

© Red

‘

o1

V981081

Cut #8X
Copy #C
Paste 8V
Delete ©

Properties

Unit: intensity

Min: 1.0

Max: 2096704.0
Rough statistics!

% More Options

Quicklooks | ! |

ensity_VW

B == Lat -- Lon == Zoom -- Level -~
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Data Preparation
Defining a Subset

Select “Raster” and then “Subset”

£ Metadata
2 Vector Data
2 Tie-Point Grids
3 Quicklooks
23 Bands
w Amplitude_VH
ﬂ Intensity_VH
El Amplitude_vV
4} Intensity_VV
S [2] SIA_W_GRDH_1SDV_20150428T093856_20150428T09
» (2 Metadata
>
>
| 4

4 vVvVVvVvVYVYyYy

2 Vector Data
2 Tie-Point Grids
3 Bands

Navigation ... |Co|our Man... | Uncertainty... | World View @7 [ Quii

National Aeronautics and Space Administration

Specify Product Subset §

Q

Band Subset  Tie-Point Grid Subset = Metadata Subset s

Geo Coordinates =

5

Scene start X: of(C |2

=z

Scene start Y: (1] I %

Q

Scene end X: 25,576 C 8
Scene end Y: 16,846 ¢

Scene step X: 1C

Scene step Y: 1S

Subset scene width: 25577.0
Subset scene height: 16847.0
Source scene width: 25577
Source scene height: 16847

Fix full width

Estimated, raw storage size: 821.8M

OK Cancel Help
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Preprocessing: Geometric and Radiometric Calibration

» The objective in performing a calibration is to create an image where the value
of each pixel is directly related with the backscatter of the surface.

» This process is essential for analyzing the images in a quantitative way. It is
also important for comparing images from different sensors, modalities,
processors or acquired at different times.
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Example: Preprocessing — Radiometric Calibration
Select “Radar- Radiometric- Calibrate”

The main radiometric
distortions are due to:

1. Signal Isos as it
propagates

2. Non-uniform antenna
pattern

3. Difference in gain
4. Saturation
5. Speckle

National Aeronautics and Space Administration

» (2 Metadata

» (3 Vector Data

» (2 Tie-Point Grids

» 3 Quicklooks

v &3 Bands
E Amplitude_VH
EA intensity VH
E Amplitude_VV
E1 intensity_vv

[ JOX )
File Help

1abeue 1akes

& [2] SIA_W_GRDH_1SDV_20150428T093856_20150428T093921.

Navigation ... | Colour ... @ | Uncertainty... | World View

Quickiooks |

Editor: (e) Basic Sliders Table

Colour ramp:

unnamed 2]

Display range

Min: Max:

6.652343 422.0996

Range from File Range from Data

2
B

Logy(

Processing Parameters

~Source Product
source:
[1] SIA_IW_GRDH_1SDV_20150428T093856_201... [&

Target Product
Name:

$28T093856_20150428T093921_005682_0074A1_D968_Cal

Save as:
Directory:

BEAM-DIMAP | T

st/Desktop/desktop/documents_folder/brazil /brazil

Open in SNAP

sabeuep ysen )

Applied Remote Sensing Training Program 15



Example: Preprocessing — Geometric Calibration
Select “Radar- Geometric- Terrain Correction- Range Dopler”

The main geometric distortions are
due to:

1. Slant Range
2. Layover

3. Shadow

4. Foreshortening

* The algorithm uses a DEM to
make corrections

» The corrected image is in its
correct orientation

National Aeronautics and Space Administration

® ® ® S1AIW_GRDH_1SDV_20150428T093856_20150428T093921_00! L2 f i 1A_IW_GRDH_1SDV_20150428T... |
o o Speckle Filterin, >
a% o nEile X8 » o ? T %@z DEED o search 3600
Product Explorer €3 | _Pixelinfo_| ter i > Sigmao_w @
B intensity WV Polarimetric > €3
v = [2] SIA_W_GRDH_1SDV_20150428T093856_2015042 »> Range-Doppler Terrain Correction B
» (2 Metadata Sentinel-1 TOPS »  Ellipsoid Correction SAR Simulation §
» (3 Vector Data ASAR WSS » SAR-Mosaic SAR-Simulation Terrain Correction ﬁ
» ([ Tie-Point Grids Feature Extraction » ALOS Deskewing g
» (3 Quicklooks SAR Utilities »> Slant Range to Ground Range 5
v & Bands Complex to Detected GR Update Geo Reference
B sigmao_vH Multilooking
[ sigmao_wv A =
v S [3] SIA_IW_GRDH_1SDV_20150428T093856_2015042 1
> (2 Metadata 8
» @ Vector Data B
> @ Quicklooks &
v & Bands -
[ sigmao_vH
B sigmao_wv

Navigati... |Colou... © | Uncertai... | World View | Quicklooks | =

Editor:  Basic () Sliders ~ Table bl |

saBeuep 1sen Ly

Name: Sigma0_WV
Unit: intensity
Min: 3.48E-6

Max: 26.918
Rough statistics!

933H|

4 More Options

[ =% = lat - lon - Zoom —- Level -
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Example: Preprocessing — Speckle Filter
Seleccionar “Radar- Speckle Filtering- Single Product”

-+ Speckle is part of radarimages 2u s BEe<w o0 5 cmesRs Lo
and makes interpretation e RN H
difficult because the “saltand " et
pepper” effect corrupts I .
information about the surface ~ “imnes

* There are many techniques to ... g
extract information from radar g

images that have lots of
speckle

— In this case, we will use the
Lee filter

TERLL P

313.56: 1 0° ‘@

X 13328 Y 10031Lat 3°16'52" S Lon 59°43'06" W Zoom 313.6:1 Level 5
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‘ Example: Processing — Classifying Water and Land

1ts_folder/brazil/brazil/S1A_IW_GRDH_1SDV_20150...

® ® ® S1AIW_GRDH_1SDV_20150428T093856_20150428T093921_005682_0074A1_D968_Cal_TC_Spk - [/User ktop/desk
& & 2 n %> ."% “;{C By o4 4N R e .IBE@EDO Q- Search (8+) @
—

1. Analyze the image histogram SO e

& [1] SIA_W_GRDH_1SDV_20150428T093856_20150428"

in the lower left window " D e

AJe1qr11npod ;(O

2. ldentify the two peaks — the o
B3 Intensity_VH
lower one represents water Rl
and the higher one represents | 5
B sigma0_VH

everything else =

Navigati. | Colo... & |Uncertai IWurId View | Quicklo.
3. Select the value that )
separates water from 1

sabeuen sake ([}

B

sabeue yse )

Editor: Basic () Sliders Table

eof»r 21DY
g 250

everything else. In this case it
is 2.2x1072

% More Options @

Ho==V == Lat -- Lon == Zoom -~ Level —-
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Example: Processing — Classifying Water and Land

Select “Raster- Band- Math”

1. To segment the image, apply band
math

2. Edit the expression so that it
indicates:
255*(Sigmal_VV<2.22E-2)

3. The result will be an image where
water will have a value of 255. Call

this new image “water”

National Aeronautics and Space Administration

R

Target product:
[4] subset_0_of S1A_IW_GRDH_1SSV_20150122T030723_20150122T030752_004278_005347_8809_Cal Lee7x7 v

Product: | [4] subset_0_of S1A_IW_GRDH_1SSV_20150122T030723_20150122T030752_004278_005347_8809_Cal_Lee7x7 v
Data sources: 2
[s;mo‘w
Cons
ot Opex
Show masks Aune
Show tepontgrids
m= A q
5EMod
ok ][ Concel ][ Heb
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Example: Processing — Classifying Water and Land

S1A_IW_GRDH_1SDV_20150428T093856_20150428T093921_005682_0074A1_D968_Cal_TC_Spk - [/Users/epodest/Desktop/desktop/documents_folder/brazil/brazil/S1A_IW_GRDH_1SDV_20150...

[

& !;%_; T’* I’% | | | %\ ?;c % B W Qa, *.i. (’C-;: \+ D D+ (T} Q \E& g LN [:l g E I:I Q- Search (8+)) @
Product Explorer [ Pixel Info 1 @ [2] Sigma0_wV @ [2] Sigma0_VH @ [2] water -
3 Metadata ‘_‘ﬁ,
@3 Vector Data ¥
3 Tie-Point Grids 2
3 Quicklooks o)
3 Bands §
m Amplitude_VH 5
m Intensity_VH
E Amplitude_VV
Eﬁ Intensity_VV =
& [2] SIA_W_GRDH_1SDV_20150428T093856_20150428" E
3 Metadata L;
@2 Vector Data ]
3 Bands %
m Sigma0_VH a
E sigmao_vv
E water b=
=
Navigati... lCoIo... Uncertai... | World View | Quicklo... ‘ i
=
Editor: Basic (0 Sliders Table @ @' g
o

BE&
95%| 10056

fa
o @
& &
Logyg i3

% More Options

X -y - Lat == Tl —— Zoom --_ level ——
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‘ Example: Processing — Classifying Water and Land

@® ® ® S1A_IW_GRDH_1SDV_20150428T093856_20150428T093921_005682_0074A1_D968_Cal_TC_Spk - [/Users/epodest/Desktop/desktop/documents_folder/brazil/brazil/S1A_IW_GRDH_1SDV_20150...

ag o le ST ro0a AN NvEdeR: DEED [ Search 84) ©

Product Explorer € | Pixel Info = | E (21 Sigmao_wv i [2] Sigma0_VH E [2] water £
v = [1] SIA_LIW_GRDH_1SDV_20150428T09385
> (3 Metadata
» [ Vector Data
» (3 Tie-Point Grids
» [ Quicklooks
v 3@ Bands
E Amplitude_VH
[ Intensity_VH
B Amplitude_VV
Intensity_VV
v = [2] SLA_IW_GRDH_1SDV_20150428T09385
» [ Metadata
» (3 Vector Data
v 3 Bands
. Sigma0_VH
B sigmao_vv

Navig... |Co|... 0|Uncerm |Wor|d IQuickI.“

E)
Editor:  Basic Sliders @ Table & &
Colour Value =
254 @
EE NN 254
I

# More Options @

Ateiqi]19npodd j‘g [x]

JabeuRp JaAeT] Im

JabeURp X SBpN W

X 1296 Y 7759Lat 3°04'37" S Lon 60°47'58" W Zoom 313.6:1 Level 5
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Summary

There are various stages in order to generate a product

1. Data Preparation

— Acquire the images

— ldentify a subsection of the image or create a mosaic, if needed
2. Preprocessing of the image

— Radiometric calibration

— Geometric calibration

— Filter application to reduce speckle

3. Processing of the images

— Classify the image through an index, supervised or non-supervised
approaches
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